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(54) ARTICIFIAL MAGNETIC LATTICE FILM 

(57)Abstract: 

PURPOSE: To obtain an artificial magnetic lattice film which exhibits a high 
saturated magnetic flux density and good soft magnetic characteristics, also has a 
magnetostriction constant substantially equal to zero, and simultaneously is 
excellent in corrosion resistance and thermal stability, by alternately stacking on a 
substrate a Fe layer and a Co layer and/or a CoFe layer so that they have a 
periodic structure by repetition. 

CONSTITUTION: Four targets can be mounted on a target supporting stand 1, 
which can be rotated to switch the targets. There are a position at which a 
substrate is to be placed, on the upper surface of which substrate magnetic films 
are to be stacked and formed, and an ion source 3. The manufacture by an ion 
beam sputter method is advantageous in that the operating degree of vacuum is 1 
x 10-4Torrs or less and the substrate temperature does not increase more than 
required. A Co layer 4, Fe layer 6, and CoFe layer formed by mutual diffusion are 
formed on a substrate 7. The film thicknesses of the Co layer 4 and Fe layer 6 are 
tCo and TFe, respectively, and one period tP of the artificial lattice is defined by an 
equation tP=tCo+tFe. The artificial magnetic film can thus accomplish good soft 
magnetic characteristics and simultaneously can achieve a high saturated magnetic 
flux density. Also, these magnetic artificial film has a construction wherein Fe is 
with respect to Co and/or CoFe, so they are rich in corrosion resistance and the 
magnetic characteristics are not degraded, providing excellent thermal stability. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused fc>y the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

this invention relates to the soft-magnetism cascade screen used for the yoke or core which constitutes 
the magnetic path for example, in the various thin film magnetic heads. 
[Summary of the Invention] 

this invention avoids generating of a Barkhausen noise by considering as the structure where the 
laminating of the magnetic thin film was carried out through the nonmagnetic interlayer. 
[Description of the Prior Art] 

In the single magnetic pole head for vertical magnetic recordings, the induction-type magnetic head, and 
the magnetoresi stance-effect type magnetic head (henceforth MR type magnetic head), the thin film type 
magnetic head formed by the soft-magnetism thin film in which some of the cores or yokes [ at least ] 
were formed on the magnetic base or the nonmagnetic base has come to be used widely. 
Usually, the soft-magnetism thin film according [ the soft-magnetism thin film in this kind of magnetic 
head ] to monolayer structure is used. 

However, in the magnetic head by the soft-magnetism thin film by such monolayer structure, a 
Barkhausen noise poses a problem. If this is explained, the magnetic thin film of this monolayer will 
take magnetic-domain structure as shown in a view 6 that the state where the sums, such as 
magnetostatic energy resulting from an anisotropy energy, a shape anisotropy, etc., serve as the 
minimum as the whole layer should be held. This monolayer magnetic film is a rectangular magnetic 
thin film (51), and when it has an easy axis in the direction of a shorter side, while the magnetic domain 
(52) of a retrose arises [ the magnetization direction ] by turns along the direction of a shorter side in the 
field, along with the longitudinal direction of a magnetic thin film (51), the magnetic domain (53) of a 
retrose has arisen one by one among the ends so that a closed loop may be formed about these next door 
**** magnetic domain (52). Therefore, if an external magnetic field is given to such a magnetic thin 
film (51), a magnetic domain wall (54) and (55) may move, and thereby, a Barkhausen noise may occur. 

[Problem(s) to be Solved by the Invention] 

this invention avoids effectively generating of the Barkhausen noise mentioned above. 
[Means for Solving the Problem] 

this invention is shown in Views A, B, and 1 C - as - a nonmagnetic interlayer (1) - minding - each 
more than two-layer - the laminating of the magnetic thin film (2) of a soft magnetism is carried out, 
and a soft-magnetism cascade screen (3) is constituted 

A nonmagnetic interlayer (1) is preferably selected to 5-500A 5-10000A in thickness on which it 
compares with an exchange interaction and a magnetostatic interaction acts dominantly between the 
magnetic thin films (2) which adjoin each other through this. 

Moreover, each magnetic thin film (2) makes an easy axis the same direction, and total magnetic flux 
closes it by selection of each saturation magnetic flux density, thickness, etc. That is, it is made to close 
on the whole, as the amount of both magnetic flux is made in agreement as the same thickness when ** 
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constitutes both magnetic thin films (2) by the same material in the structure where the laminating of the 
two-layer magnetic thin film (2) shown in an A view 1, for example was carried out through the 
nonmagnetic interlayer (1), and magnetic flux shows both magnetic thin films (2) typically with an 
arrow in 1st [ ** ] view A. Moreover, as shown in Views B and 1 C, when considering as the structure 
in which the magnetic thin film (2) of three or more layers carried out the laminating through the 
nonmagnetic interlayer (1) When the same material constitutes all magnetic thin films (2) including 
these magnetic thin films (2s) about the magnetic thin film (2s) of both ****** the thing except the 
magnetic thin film (2s) of both ****** among magnetic thin films (2) same thickness t - carrying out 
-- the magnetic thin film (2s) of both ****** ~ about - it considers as t/2 of thickness 
And impression of the signal magnetic field at the time of applying to the yoke or core of the impression 
of a magnetic field to the soft-magnetism cascade screen (3) by this composition, for example, the 
magnetic head, is taken as the direction of hard axis. 
[Function] 

According to the soft-magnetism cascade screen (3) by the above-mentioned this invention, generating 
of a Barkhausen noise is avoided. If it sees now about the soft-magnetism cascade screen (3) of the 
structure where the laminating of the two-layer magnetic thin film (2) shown in the A view 1 was carried 
out through the nonmagnetic interlayer (1), in the state where the external magnetic field is not given to 
this As shown in a view 2, in both magnetic thin films (2), as arrows Ml and M2 show, it is in the 
magnetization state of anti-parallel mutually at direction of easy axis e.a, respectively, and the magnetic 
domain wall has not arisen. Thus, about a magnetic domain wall not existing, it just checked by 
magnetic-domain observation by the BITTA (Bitter) method which used the magnetic fluid. And if an 
external magnetic field H is strengthened in the direction of hard-axis h.a and it goes to it to such a soft- 
magnetism cascade screen (3) As a solid line arrow shows the magnetization state of one magnetic thin 
film for the magnetization state to 3rd [ ** ] view A-C about each magnetic thin film (2) and a dashed 
line arrow shows it of another side to it typically As an external magnetic field H shows to a B view 3 
from the magnetization state of anti-parallel explained in the view 2 showing in an A view 3, 
magnetization rotates by the rotation magnetization process, and as a still stronger external magnetic 
field shows to a C view 3, both magnetic thin films (2) are magnetized in the same direction. In this 
case, since magnetization rotates both magnetic thin films (2) by the rotation magnetization process in 
the field, generating of a Barkhausen noise is avoided, without producing a magnetic domain wall. That 
is, the Barkhausen noise resulting from magnetic-domain-wall movement is avoided by making the 
direction of hard axis of both magnetic thin films (2) into the magnetic-flux propagation direction. 
[Example] 

An example in the case of constituting yoke type MR type magnetic head using the soft-magnetism 
cascade screen (3) by this invention with reference to a view 4 is explained. 

In this case, a magnetic substrate (10) is prepared. This substrate (10) consists of magnetic substrates, 
such as for example, a nickel-Zn system ferrite and a Mn-Zn system ferrite. the bias which forms the 
insulating layer (1 1) of Si02 grade on a substrate (1) when this substrate (1) has conductivity, and 
generates a bias magnetic field by energization on this — a conductor (12) is formed and a 
magnetoresistance-effect magnetic force sencor (henceforth MR magnetic force sencor) (13) is further 
formed through an insulating layer (1 1) on this 

And this MR magnetic force sencor (13) is pinched, and the front side and a back (6), i.e., field, side, 
and this form the front magnetic layer (14F) and back magnetic layer (14B) which constitute some yokes 
through an insulating layer (1 1) on both ends with an opposite side. A part of back magnetic layer (14B) 
is magnetically combined with a magnetic substrate (10) densely through the aperture (1 la) drilled in 
the insulating layer (1 1). Substrate (10) - The closed magnetic circuit of a front magnetic layer (14F)- 
MR magnetic force sencor (13)-back magnetic layer (14B)-magnetism substrate (10) is formed. 
Between the front end section of a front magnetic layer (14F), and a substrate (10), magnetic-gap g as 
which gap length was specified is faced and formed in opposite ** or an opposed face (15) with a 
magnetic medium of the thickness of the non-magnetic layer by the insulating layer (11). 
In this composition, the soft-magnetism cascade screen (3) by the magnetic layer (14F) and (14B) this 
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invention constitutes, the nonmagnetic interlayer (1) which consists of Si02 film with a thickness of 
500A -- minding -- respectively -- 1500ACo-Hf-Pd in thickness - it considers as the structure which 
showed the amorphous two-layer magnetic thin film (2) in the A view 1 which carried out the 
laminating Or it can consider as the laminated structure of the magnetic thin film (2) of three layers as 
structure shown in the B view 1. In this case, thickness of a central magnetic thin film (2) is made into 
2000A, thickness of the magnetic thin film (2s) of both outsides is made into 1000A, and thickness of a 
nonmagnetic interlayer (1) can be made into 100A. Or it can also consider as the multilayer structure 
shown by 1st [ ** ] view C. 

in addition, these magnetic layers (14F) -- by the work of 1 run which continued magnetic-thin-film (2)- 
nonmagnetic interlayer (l)-magnetic-thin-film (2) -- which constitutes these one by one, continuation 
vacuum evaporationo is carried out, a soft-magnetism thin film (2) is formed, and and (14B) can form 
formation simultaneously continuation sputtering or by patternizing this with photolithography 
technology 

in addition, this case - a magnetic layer (14F) - it is made for and (14B) to become the direction of the 
magnetic flux in the magnetic layer (14F) to which the direction of hard axis mentioned above each 
magnetic thin film (2) of a soft-magnetism cascade screen (3), and (14B) the included magnetic path 
Moreover, the soft-magnetism cascade screen (3) by this invention can also constitute the thin film 
magnetic head of an induction type. An example in this case is explained with reference to a view 5. 
Also in this case, prepare a magnetic substrate (20), for example and an insulating layer (21) is minded if 
needed on this. Through the 1st and 2nd conductor patterns (22A) and (22B) insulating layers (21), carry 
out the laminating of the head coil (22), and it is formed. Covering formation of the magnetic layer (23) 
which serves as a band-like magnetic core by the soft-magnetism cascade screen (3) by the composition 
similarly explained in the direction which crosses these by 1st [ ** ] view A-C is carried out. the 
magnetic layer (14F) which explained this magnetic layer (23) in the view 4 - it can be based on the 
same composition with and (14B) And the back edge of this magnetic layer (23) is made to connect 
[ substrate / (20) ] magnetically through the aperture (21a) drilled in the insulating layer (21). A front 
edge forms magnetic-gap g which has necessary gap length between substrates (20) by using as a gap 
spacer the non-magnetic layer which consists of an insulating layer (21), and it forms it so that this 
magnetic-gap g may attend opposite ** or an opposed face (25) with a magnetic medium. 
Thus, it has the closed magnetic circuit of a substrate (20)-magnetic-gap g-magnetic layer (23)-substrate 
(20), and the electromagnetic-induction type magnetic head possessing a head coil (22) is constituted. In 
addition, each magnetic thin film of the soft-magnetism cascade screen (3) in the magnetic layer (23) 
which constitutes a magnetic core in this case is formed so that the direction which passes the magnetic 
flux may be mostly in agreement with the direction of hard axis. 
[Effect of the Invention] 

Since a bank HAUZEN noise can be effectively avoided when this constitutes the magnetic head 
according to this invention, since it was made for a magnetic domain wall not to arise in a soft- 
magnetism cascade screen (3), practical use is presented, and the profits are very large. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Drawings and 3rd [ ** ] view A-C of Views A, B, and 1 C which show the magnetization state of an 
example of the soft-magnetism cascade screen according [ structural drawing of each example of the 
soft-magnetism cascade screen by this invention and a view 2 ] to this invention are the ****-cross 
section of each example of the magnetic head using the soft-magnetism cascade screen according 
[ respectively explanatory drawing, the view 4, and the 5th view of the magnetization state by the 
external magnetic field of a soft-magnetism cascade screen ] to this invention, and drawing showing the 
magnetic-domain structure 

As for a soft-magnetism cascade screen and (1), (3) is [ a nonmagnetic interlayer and (2) ] magnetic thin 
films. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the soft-magnetism cascade screen characterized by each above-mentioned magnetic thin 
film having the same direction of an easy axis mutually while the laminating of the magnetic thin film of 
the soft magnetism more than two-layer is carried out through the nonmagnetic interlayer whose 
thickness is 5-10000A, it changes and each [ these ] magnetic thin film is selected by the amount of 
magnetization and thickness which total magnetic flux closes. 



[Translation done.] 
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DRAWINGS 
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